Abstract. AGILE and GLAST are the next high-energy gamma-ray telescopes to be flown in space. These instruments will have angular resolution about 5 times better than EGRET above 10 GeV and much larger field of view. The on-axis effective area of AGILE will be about half that of EGRET, whereas GLAST Wilt have about 6 times greater effective area than EGRET. https://ntrs.nasa.gov/search
The capabilities of ground based very high-energy telescopes are also improving, e.g. Whipple,
and new telescopes, e.g. STACEE, CELESTE, and MAGIC are expected to have low-energy thresholds and sensitivities that will overlap the GLAST sensitivity above~10GeV. In anticipation of the results from these new telescopes, our current understanding of the galactic diffuse gamma-ray emission, including the matter and cosmic ray distributions is reviewed. The outstanding questions are discussed and the potential of future observations with these new instruments to resolve these questions is examined. The isotropic diffuse emission lID, [7] ) is shown as a dash-dot line. From [8] . Energy [MeV] Synchrotron and curvature radiation, the probable dominant gamma-ray production mechanisms in pulsars, are not expected to contribute significantly to the Galactic diffuse emission. The possible contribution from unresolved point sources to the 'GeV excess' is discussed below. The isotropic diffuse emission, now generally acceptedas being eXtragalacticin origin (possibly an unresolved distribution of gamma-ray blazars),is assumed hereto be isotropic andto havea simple power-law spectrum [7] . 2) The spectral indices of the cosmic ray electron and proton spectra throughout the galaxy are the same as the local spectra corrected for solar modulation.
Models of the Diffuse Emission Model
3) The cosmic ray electron to proton ratio is constant throughout the Galaxy.
4) The cosmic ray scale height is also constant and independent of Galactic radius. These assumptions lead to only two free parameters in the model. The molecular mass calibrating ratio, N(H2)/Wco, and the coupling scale of cosmic rays to the matter, r0.
The other astrophysical parameters used are fairly well determined. These two parameters were determined by fitting the model to the EGRET data.
The 'best-fit' model accurately predicts the diffuse emission on 1°spatial scales, typically within +1 or, Figure 2 , as well as the spectrum from 30 MeV up to -1 GeV, Figure  1 and
There are, however, three discrepancies between the predicted diffuse emission and the EGRET observations, discussed below, that are significant because they are correlated over large angular scales. _ >I00 MeV Figure 3. Residual intensity obtained by subtracting the best-fit model plus the isotropic diffuse emission from the observed diffuse emission for (a) 30 < E < 100MeV, (b) 100 < E < 300MeV, (c) 300 < E < 1000MeV, (d) E > 1000MeV expressed in terms of statistical uncertainty on the observation.
The model for E > 1000 MeV has been scaled by 1.6 to correct for the spectral discrepancy between the observation and the model.
The Cosmic Ray Distribution
The cosmic ray density in the Galactic plane, derived on the assumption of dynamic balance and smoothed on the spatial scale of the coupling parameter, r0 --" 2.4 kpc, is shown in Figure 4a . The cosmic ray radial density is compared in Figure 4b with the density determined by Strong et al. [12] using the parametric model described above.
The cosmic ray density determined by both models is generally peaked towards the Galactic center and decreases fairy smoothly, except for an enhancement in quadrants galactic nature of cosmic rays [7] , and the existence of a "Tr°bump" in the diffuse spectrum, Figure  1 [ 
THE OUTSTANDING QUESTIONS
There are three major discrepancies between the predictions of the above models and the EGRET observations: 1) the spectral excess above~1 GeV, 2) the underprediction at medium latitudes toward the Galactic center, and 3) the over-prediction in the outer Galaxy. We discuss these separately and interpret their significance.
The GeV Excess
Both the parameter model and the dynamic balance model, which are based on derived production functions and the local measured cosmic ray spectra corrected for Solar modulation, under-predict the diffuse flux above 1 GeV [20] , Figure  1 . The ratio of the observation to dynamic balance model is shown in Figure 5 . The excess above -0.4 GeV can be well fitted with a power law with spectral index of 0.29!-0.04.
Mori [21] and Chang et al. [22] have examined two possible explanations for the GeV excess using hadronic Monte Carlo codes. These possibilities are 1) the Galactic average cosmic-ray proton spectrum may be softer than observed locally, and 2) the interaction models of _0 production may not adequately include the several other resonances, mesons, and hadrons, which also decay and produce gamma rays at high energies. Mori found that a softer proton spectrum (*, E_,z45) provided the "best-fit to the EGRET Galactic center spectrum. Chang et al. concluded from a derivation of thegamma-rayyield for nuclearinteractions directly from the Monte Carlo models, Figure 6 , that the EGRET Galactic center spectrumcould be explainedusing the local demodulated protonspectrumdeterminedby WebberandPotgeiter [23] . Figure 7b , although the lower latitude emission is slightly over predicted.
Over Prediction in the Outer Galaxy
The dynamic balance model over-predicts the diffuse emission in the outer Galaxy (-90°< 1 < -270°), Figure 2 . Although this over-prediction is less than -10%, it is fairly well correlated over this entire longitude range. This discrepancy may be an indication that the assumption of dynamic balance breaks down in the outer Galaxy where there are fewer CR sources.
The HEMN difftlsion model [18] (see e.g. Fig. 15) also tends to over-predict the outer Galaxy; however, this model was optimized to agree with the diffuse spectrum rather than the longitudinal distribution. to be consistent with the EGRET observations, shown as +1 _ data points. The unpointed balloon results from Nishimura et al. [28] Figure  8 , and an extrapolation of this spectrum in Figure 9 . What will GLAST Tell Us?
MEASUREMENTS
Observations with GLAST of the diffuse emission will be used to address the outstanding questions discussed above. In particular GLAST will be able to study the GeV excess, spectral variation, and resolve structure in the diffuse emission. Determination of the diffuse emission spectrum and spectral variation is a trade-off between angular resolution (bin size) and width of the energy interval (statistics).
Spatially resolved spectral analysis of the EGRET data was done using 40 deg 2 bins (10°x 4°) with 10-40% statistical errors and highest energy interval of 10-30 GeV.
The Galactic center spectrum, Figure 1 , was extended up to 50 GeV by averaging over a 240 deg 2 bin. GLAST, with its larger effective area (5x103 cm 2) and 1 year of scanning mode operation, will permit spectra to be derived for smaller area bins and to somewhat higher upper energies. If _<30% statistical uncertainty is required in the highest energy bin, corresponding to -10 photons, then it should be possible to derive spectra for 4 deg 2 bins up to -80 GeV towards the Galactic center and -15 GeV in the anti-center, Figure 10 . Spectra can be derived up to higher energies by averaging over larger bins as was done with the EGRET data. Figure 10 . The study of spectral variation of diffuse emission is a trade off between angular resolution (bin size) and number of photons in the highest energy bin (statistics).
GLAST is expected to produce spectra of the diffuse emission up to -15 GeV toward the anti-center, and up to -80 GeV toward the Galactic center for 4 deg 2 bins 
GROUND BASED OBSERVATIONS
The upper limit on the diffuse emission from WHIPPLE is a tantalizing result. The sensitivity of WHIPPLE, Figure 9 , is almost sufficient to detect the diffuse emission above 500 GeV at I -45°. The sensitivity of STACEE and CELESTE may be sufficient for these telescopes to measure the spectrum of the diffuse emission in the 20-80 GeV energy range. In addition, the small, -0.5°, field-of-view of these telescopes will permit imaging with better spatial resolution than GLAST at these energies; however, spectral variation studies on large angular scales are unlikely because of time constraints.
MAGIC is expected to have significantly better sensitivity and should be able to measure the diffuse emission spectrum from~10 GeV to >_100
GeV. The 4°field-of-view of MAGIC is well matched to studies of spectral variation.
CONCLUSIONS
GLAST will measure the spectrum of the Galactic diffuse emission up to -80 GeV toward the Galactic center, -15 GeV toward the anti-center, and be able to study spectral variations on an ,angular scale of -4". GLAST will image the diffuse emission on spatial scales of~0.3°in gamma rays of energy >1.3 GeV. Observations of the diffuse emission with STACEE and CELEST will extend the spectra up to -100 GeV.
The~0.5°field-of-view may limit the extent of spectral variation studies that will be possible. MAGIC will extend the measured spectrum of the diffuse emission up to~1
TeV.
The angular resolution and larger field-of-view of MAGIC will enable large area studies of the diffuse emission with spatial resolution comparable to GLAST, but at 10 GeV-1 TeV energies. Observations of the diffuse emission made with these new gamma-ray telescopes will confirm the existence of the GeV excess and address the questions of spectral variations, CR electron to proton ratio, and CR acceleration and propagation.
